cause of occupational/environmental factors that influence mercury concentration.
Various studies have been made in many nations on mercury exposure levels and the criteria of exposure are increasingly lowered [8] . There have also been studies on the occupational mercury exposure of workers in some workplaces [9, 10] , a survey on the blood heavy metal concentration of Korean citizens [11] , and the Ministry of Environment's (MOE) survey on hazardous substances in the body [12, 13] . The MOE survey shows the blood mercury concentration of some residents in coastal areas exceeds the limit recommended by the World Health Organization (WHO). The cause for the high mercury exposure index is estimated to be fish consumption, given geographical characteristics, but the exact source of exposure has yet to be identified. For this reason, this study aims to examine the blood mercury concentration of residents in a large city in a coastal region and assess factors influencing the level of concentration. The focus of this study is to identify the residents' preference for fish and shellfish consumption known as the main cause of high blood mercury concentration and the correlation with weekly consumption frequency.
I. Study Subjects
This study was conducted on citizens aged 40 or above who visited the medical examination center of a major coastal city from June 2009 through October 2009. Survey subjects were classified by sex and age as variables known to affect blood mercury concentration. 333 subjects were selected through stratified random sampling ensuring the same ratio of intervals for men and women in their 40s, 50s, and 60s and analysis was made on 293 from among these who completed blood collection and survey. Before the survey, we provided sufficient explanations on this study to those surveyed and sought their voluntary consent; we also obtained approval from the Institutional Review Board of Dong-A University Medical Center.
II. Questionnaire Survey
A survey was conducted through 1:1 interviews between subjects and surveyors who completed training on the questionnaire in advance. With the aim of investigating mercury exposure, we developed a questionnaire covering demographic variables (e.g. sex and age), lifestyle factors (e.g. alcohol consumption and smoking), and mercury exposure-related factors (e.g. type of drinking water currently in use, fish consumption behavior, and cavity/amalgam treatment history for the past one year). Fish consumption behaviors were identified using items such as fish/shellfish preference and fish consumption frequency. The survey subjects also performed blood/kidney function tests to exclude from analysis those who had developed any mercuryrelated disease or are were of having any kidney disease.
III. Measurement of Blood Mercury Concentration
The venous blood of survey subjects who had not eaten for more than eight hours was collected with a 3 mL vacuum blood collection tube (Beckton Dickinson Vacutainer, Franklin lakes, NJ, USA) treated with EDTA to prevent blood coagulation. The blood was then transported with dry ice to be kept frozen at -70 until the analysis. The analysis on gross mercury content in the blood was carried out using frozen samples obtained two months prior. An analyzer (SP-3DS, NIC Co, Ltd., Tokyo, Japan) was used to apply the gold amalgamation method. The method decomposes the test samples via heating at high temperature to gasify mercury and collect/concentrate the material to a mercury collector made of a multi-porous substance coated with gold (HgAmalgam). This method is chosen for the present study because it directly quantifies Hg without performing wet decomposition of test samples and causes no mercury loss in the process of pre-treatment on the test samples, ensuring outstanding sensitivity and reproduction.
The blood samples were slowly thawed at room temperature immediately before the analysis, and a rollmixer was used to mix them for 0.5-1 hours. All samples were pre-mixed and inserted in quantities of 100 mL to the sample boat, where additives (BHT, MHT) were applied.
10 mg of L-cysteine and 2 mL of nitric acid were used to produce a 0.001% L-cysteine solution. The 1000 ppm solution (Wako Pure Chemical Industry, Osaka, Japan) was then diluted with the L-cysteine solution to generate a 10 ppm solution. The solution was diluted again to 2 g/L, 4 g/L, 6 g/L, and 8 g/L, respectively, to produce standard samples, and a calibration curve was drawn.
Our laboratory obtained an "adequate" grade from the Korea Occupational Safety & Health Agency (KOSHA) for the quality management of mercury analysis on biological samples.
IV. Statistical Analysis
The measured blood mercury concentration showed a skewed distribution, in line with a log-normal distribution, and hence the geometric mean was used after logarithmic conversion. To identify the general characteristics of survey subjects, a cross tabulation analysis was made on the basis of age groups by sex and other factors. An independent sample t-test and a one-way analysis of variance (ANOVA) were performed by using sex, age, alcohol consumption, smoking, fish/shellfish preference and frequency, and amalgam treatment as factors to determine blood mercury concentration. With blood mercury concentration as a dependent variable, a multiple regression analysis was conducted to identify levels of correlation and impact between individual variables considered. The level of significance for each screening was 5% (p < 0.05); all statistics were produced using the program SAS version 9.1 (SAS Inc., Cary, NC, USA).
I. General Characteristics of Subjects
The general characteristics of 293 subjects are suggested in Table 1 . Their average age is 54.3 8.7, with little difference by gender (male 54.6 8.8, female 54.0 8.7; p = 0.5409). Weekly alcohol consumption frequency differed between sexes in a statistically significant manner (p< 0.0001), as the largest number of male respondents said they drank more than twice a week (70 persons; 47.6%) while a majority of women drank less than once a week (95 persons; 65.1%). Male and female subjects also showed statistically significant differences when it came to smoking (p<0.0001), with 63 men (42.9%) smoking and 134 women (91.8%) not smoking. As for fish/shellfish consumption preference, 130 male respondents (88.4%) and 118 female (80.8%) replied they liked to eat fish and shellfish, with no difference between sexes. As for weekly fish consumption frequency, those having fish/shellfish 2-3 times a week took up the largest proportion of both men (74 persons; 50.3%) and women (66 persons; 45.2%), demonstrating no difference by sex. 139 men (94.6%) and 136 women (93.2%) stated they had no experience of amalgam treatment for the past one year, and no difference was found between sexes.
II. Blood Mercury Concentration by Sex and Age
The geometric mean of blood mercury concentration for all survey subjects was 8.63 g/L [range: 1.48-45.71 We analyzed the average levels of blood mercury concentration for the past year by amalgam treatment, and the results for both men and women demonstrated no statistical significance (male: p=0.5657, female: p=0.0731).
IV. Factors Influencing Blood Mercury Concentration
We conducted a multiple regression analysis, using factors found to have significant impact on mercury concentration in individual univariate analyses as independent variables, and the results are presented in Table 3 .
After correcting the variables considered in the model, the average blood mercury concentration of male subjects was 1.28 times higher in those in their 50s than those in their 40s (p = 0.0212). The level of blood mercury concentration was 2.03 times higher for men having fish and shellfish everyday than for those consuming fish/shellfish 0 times a week and was statistically significant (p=0.053). In the case of women, the average levels of blood mercury concentration for those consuming fish and shellfish 2-3 times a week (p= 0.0410), 4-6 times a week (p=0.0090), and everyday (p= 0.0019) after correcting the considered variables were 1.78 times, 2.18 times, and 2.57 times higher than those consuming fish and shellfish 0 times a week, respectively.
V. Dose -response Relationship between Fish/shellfish Consumption Frequency and Blood Mercury Concentration
Figures 1-A and 1-B represent the least squares of blood mercury concentration by weekly fish/shellfish consumption frequency after correcting variables such as age, alcohol consumption, smoking, fish/shellfish consumption preference, and amalgam treatment for the past year. The average levels of blood mercury concentration gradually showed a significant increase for male subjects (p for trend = 0.0034): 6.26 g/L for men having fish/shellfish 0 times a week; 8.45 g/L for once a week; 8.50 g/L for 2-3 times a week; 10.73 g/L for 4 -6 times a week; and 12.71 g/L for everyday. Female subjects also demonstrated significant and gradually increasing differences in blood mercury concentration (p for trend = 0.0008): 5.11 g/L for women having fish/shellfish 0 times a week; 8.34 g/L for once a week; 9.09 g/L for 2-3 times a week; 11.15 g/L for 4-6 times a week; and 13.12 g/L for everyday.
This study has measured the average blood mercury concentration of 293 residents in a coastal city. The overall average was 8. Korean men and women aged 18 or above [12] . In the 2008 National Survey on Hazardous Substances in the Human Body, held on 5129 men and women aged 20 or above, the average level of blood mercury concentration stood at 3.00 g/L [13] . The figure was 3.19 g/L in another similar study conducted in 2006 on 230 men and women dwelling in the southern, northern, and western parts of Seoul for over three years [14] . These results are lower than the findings of the present study. In the 2007 National Survey on Hazardous Substances in the Human Body, however, 62% of areas with the highest blood mercury concentration were coastal regions; the coastal areas were also found to have the highest level of blood mercury concentration in the 2008 survey. As this study has been targeted the residents of coastal areas, the results may be higher than that observed across the nation or in some inland areas. It also suggests a close correlation between blood mercury concentration and coastal areas.
There have also been active efforts in many countries to evaluate blood mercury concentrations: A Japanese survey held in 2007 on pregnant women reported the average level of blood mercury concentration to be 9. . The average level of blood mercury concentration in the present study, 8.63 g/L, is higher than the findings on ordinary citizens in the United States, Poland, Norway, Denmark, and Canada, lower than the results of Japanese pregnant women, and similar to those of Egyptian and Taiwanese people. These results represent regional differences in mercury exposure factors; the gross blood mercury concentration of residents in a coastal city in Korea is similar to that of coastal nations.
The average blood mercury concentration of all survey subjects in this study is 8.63 g/L, which is higher than the HBM I standard of 5 g/L suggested by WHO and the German Commission on Human Biological Monitoring (CHBM) as the threshold for causing no damage to the health of the general population and 5.8 g/L as the standard set by the U.S. Environmental Protection Agency (EPA) as the level of blood mercury concentration that leads to no damage to the health of the general population throughout their lifetime. 252 subjects (86.0%) exceeded the mercury exposure threshold for the general population suggested by WHO and CHBM (5 g/L); 232 (79.2%) went beyond the standard set by EPA (5.8 g/L); and 46 (15.7%) exceeded the CHBM biological exposure limit that was calculated from toxicological and epidemiological studies and may affect sensitive individuals (15 g/L). Against this backdrop, we believe the blood mercury concentration of residents in Korea s coastal areas is at a warning level and that more in-depth assessment of exposure factors and measures for comprehensive management are needed.
We have analyzed the average blood mercury concentration of survey subjects by demographical factors. Men (9.55 g/L) showed higher blood mercury concentration than women (7.76 g/L); the blood mercury concentration levels of both men and women in their 50s (male: 11.48 g/L, female: 8.13 g/L) were higher than those in their 40s (male: 8.51 g/L, female: 7.41 g/L) and those in their 60s and older (male: 9.12 g/L, female: 7.59 g/L). These results differed from the findings of previous studies that suggested average blood mercury concentration grew higher by age [24] .
With respect to smoking, smokers showed higher blood mercury concentration (male: 9.77 g/L, female: 12.88 g/L) than non-smokers (male: 9.55 g/L, female: 7.59 g/L) and former smokers (male: 9.55 g/L, female: 8.71 g/L) regardless of sex. The results are consistent with those of previous studies [14, 16, 25, 26] but were not statistically significant (male: p = 0.9827, female: p=0.0640).
Mercury (Hg) can be naturally discharged into and exist in nature, but often times is released in massive volume as a result of industrial and agricultural activities, leading to environmental problems [1] . It flows into water bodies through various channels and is accumulated in organisms and affects the food chain. It has been reported that 80-90% of mercury in the human body comes from fish consumption [27] ; 75 -95% of mercury in the fish is organic mercury [28] , and around 75% of mercury in the human blood is attributable to the inflow of organic mercury from fish consumption in the past 30 days [28] [29] [30] [31] . In other words, consumption of fish and shellfish is the main source of human exposure to mercury.
This study has demonstrated that the blood mercury concentration of both male and female subjects gradually increased in a statistically significant manner as fish consumption frequency rose (male: p = 0.0019, female: p = 0.0002). We have also analyzed blood mercury concentration by weekly fish/shellfish consumption frequency by correcting factors such as age, alcohol consumption, smoking, fish/shellfish consumption preference, and amalgam treatment in the past year. Both men and women showed a gradual and statistically significant increase in average blood mercury concentration (male: p for trend = 0.0034, female: p for trend=0.0008). These results are consistent with previous studies that pointed out the general population consuming more fish have higher mercury concentrations [6, 19, [32] [33] [34] ; this positive correlation suggests that fish consumption has a considerable influence on the blood mercury concentration of residents in the coastal areas of Korea.
Fish/shellfish consumption frequency increased over age but blood mercury concentration was the highest among those in their 50s, potentially because fish consumption frequency did not reflect the sheer amount of fish consumption. Therefore, weekly fish/shellfish consumption frequency and exact consumption amounts should be examined to study their correlation with blood mercury concentration. There are also possibilities that biological differences of women and older population in mercury metabolism may have impacted the results. After correcting other variables, no trend characterized by a linear increase was found in blood mercury concentration by age, but an increase of blood mercury concentration of survey subjects in their 50s and in their 60s or older was clear compared to those in their 40s.
The present study results show the blood mercury concentration of residents in the coastal areas of Korea is higher than the internationally recommended level and that fish consumption may be the main source of mercury exposure.
In Korea, however, little information is currently available on the population potentially exposed to mercury and the impact of mercury on the human body. Active research has been recently undertaken to evaluate the human body's reactions to mercury dose, but further research will be needed to provide a clear answer given the complicated activities of the human body. The safe level of blood mercury concentration has recently changed with the introduction of new research findings, requiring further research and reassessment of relevant safety recommendations. International organizations are using a threshold (0.5 g/g) for fish mercury levels in order to protect against dangerous exposure to mercury [9] , but this limit is not adequate as a safety scheme for fish that human beings frequently consume. For this reason, active research is needed on the impact of mercury exposure and other environmental factors on the human body to assess such human body impacts not just in workplaces but also for the general population not subjected to direct mercury exposure and to establish guidelines to ensure the safety of fish and shellfish that human beings eat. As mercury exposure levels vary considerably by nation and region, potential sources of exposure should be managed and observed on a continued basis. In Japan, a survey on Japanese women aged between 34 and 65 conducted in 1994 prior to the introduction of the national guidelines on fish consumption reported the average level of blood mercury concentration to be 18.2 g/L [35] , while a more recent study held in 2003, after the guidelines were adopted, on pregnant women in Japan showed a much lower average blood mercury concentration of 9.81 g/L [15] . This suggests the importance of fish consumption guidelines for the management of mercury exposure.
This study has the following limitations: First, the study targets the residents of a certain area who visited a medical examination center and thus they do not represent the general population of all cities across the nation. Second, fish consumption amount was estimated as fish consumption frequency based on a self-developed questionnaire without using the food frequency questionnaire (FFQ). Lastly, the mercury content by fish/shellfish types was not taken into account. Therefore, a FFQ should be carried out in the future to examine the exact amount of fish consumption and its correlation with blood mercury concentration. In addition, the amount of mercury contained in each fish/shellfish type should be investigated to study consumption amount, consumption frequency, and correlation with mercury concentration by fish/shellfish type. Future studies should also examine the correlation between fish consumption frequency and mercury concentration by accurately measuring the amount of organic mercury from among all mercury types contained in the blood.
This study has examined the current blood mercury concentration levels of residents of a coastal city along with other related factors. The study results indicate that the blood mercury concentration of both men and women is significantly correlated with their fish/shellfish preference and weekly consumption frequency, implying the lifestyle factors of individuals have the greatest impact on mercury exposure. In this regard, we believe this study provides meaningful findings on the mercury exposure of the general population as opposed to occupational exposure in the workplace. It is also believed to be a meaningful study that demonstrates the correlation between fish consumption and blood mercury level poisoning for the populations of some coastal urban areas. To reduce future mercury accumulation in the human body, a larger number of subjects should be surveyed, and their exposure to mercury should be assessed according to regional and environmental differences, individual dietary habits, and lifestyle.
This study was supported by the Dong-A University fund.
